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FIELD  The present invention relates to data storage media, and especially
relates to methods of making data storage media and to partially and wholly
polymeric data storage media. BACKGROUND OF THE INVENTION Optical, magnetic
and magneto-optic media are primary sources of high performance storage
technology which enables high storage capacity coupled with a reasonable
price per megabyte of storage. Areal density, typically expressed as
billions of bits per square inch of disk surface area (Gbits per square
inch (Gbits/in'-)), is equivalent to the linear density (bits of
information per inch of track) multiplied by the track density in tracks
per inch. Improved areal density has been one of the key factors in the
price reduction per megabyte, and further increases in areal density
continue to be demanded by the industry. In the area of optical storage,
advances focus on access time, system volume, and competitive costing.
Increasing areal density is being addressed by focusing on~ 1   I~VO
00/48172 31 July 2003 PCT/US00/03644 the diffraction limits of optics
(using near-field optics), investigating three dimensional storage,
investigating potential holographic recording methods and other techniques.
Conventional polymeric data storage media has been employed in areas such
as compact disks (CD-ROM) and recordable or re-veritable compact disks
(e.g., CDRW), and similar relatively low areal density devices, e.g. less
than about 1 Gbits/in2, which are typically read-through devices requiring
the employment of a good optical quality substrate having low
birefringence. 



Referring to Figure 1) a low areal density system 1 is illustrated having a
read 10 device 3 and a recordable or re-veritable storage media S. The
storage media 5 comprises conventional layers, including a data layer 7,
dielectric layers 9 and 9', reflective layer 11, and protective layer 13.
During operation of the system 1, a laser 15 produced by the read device 3
is incident upon the optically clear substrate 17. The laser passes through
the substrate 17, and through the dielectric layer 9, the data 1 S layer 7
and a second dielectric layer 9'. The laser 15 then reflects off the
reflective layer 11, back through the dielectric layer 9', the data layer
7, the dielectric layer 9, and the substrate 17 and is read by the read
device 3. Unlike the CD and beyond that of the DVD, storage media having
high areal density capabilities, typically greater than 5 Gbits/in2 employ
first surface or near 20 field read/write techniques in order to increase
the areal density. For such storage media, although the optical quality of
the substrate is not relevant, the physical and mechanical properties of
the substrate become increasingly important. For high areal density
applications, including first surface applications, the surface quality of
the storage media can effect the accuracy of the reading device, the
ability to store data, 25 and replication qualities of the substrate.
Furthermore, the physical characteristics of "- the storage media when in
use can also effect the ability to store and retrieve data; i.e. the axial
displacement of the media, if too great, can inhibit accurate retrieval of
data and/or damage the read/write device.   31 July 2003 WO 00l48172
PCTIUS00/03644 Conventionally, the above issues associated with employing
first surface, including near field, techniques have been addressed by
utilizing metal, e.g., aluminum, and glass substrates. These substrates are
formed into a disk and the desired layers are disposed upon the substrate
using various techniques, such as sputtering. Possible layers include
reflective layers, dielectric layers, data storage layers and protective
layers. Once the desired magnetic layers have been added, the disk may be
partitioned into radial and tangential sectors through magnetic read/write
techniques. Sector structure may also be added through physical or chemical
techniques, e.g. etching, however this must occur prior to the deposition
of the 10 magnetic layers. As is evident from the fast pace of the
industry, the demand for greater storage capacities at lower prices, the
desire to have re-writable disks) and the numerous techniques being
investigated, further advances in the technology are constantly desired and
sought. What is needed in the art are advances in storage media substrate
15 materials enabling storage media to be utilized m first surface)
including near field, applications. BRIEF SUMMARY OF THE INVENTION The
present invention relates to data storage media as well as methods for
making and processes for using the same. In some preferred embodiments, the



20 storage media comprises: a substrate comprised of at least one plastic
resin portion, and at least one data layer on the substrate wherein the
data layer can be at least partly read from, written to, or a combination
thereof by at least one energy field, and wherein when the energy field
contacts the storage media said energy field is incident upon the data
layer before it could be incident upon the substrate. 25 In another
embodiment, the data storage media comprises: a rigid substrate, a plastic
layer comprising surface features, and at least one additional layer on the
plastic layer. The plastic layer preferably is made from a resin capable of
withstanding various techniques, such as sputtering, for additional desired
layers   WO 00/48172 31 July 2003 PCT/US00103644 including, e.g.,
reflective layers, dielectric layers, data storage layers, and protective
layers. The surface features present in the plastic layer are preferably
embossed surface features and the plastic layer has preferably been applied
to the substrate using spin coating, and/or spray coating techniques. In
another embodiment, the method 5 comprises: forming a plastic substrate
followed by forming a data storage layer onto the substrate. The method can
comprise introducing a molten polymer to a mold to make a plastic
substrate; cooling said plastic substrate; and forming a data storage layer
onto said plastic substrate. The method can optionally comprise forming
geographic locators on at least one side of said plastic substrate in situ.
The method 10 may also optionally comprise forming the data storage layer
over the geographic locators. In yet another embodiment, the method of
storing data comprises: rotating a storage media comprising a substrate
having at least a plastic portion and at least one data layer disposed on
at least one surface of said substrate; directing an energy field 15 at
said storage media such that said energy field is incident upon the data
layer before it can be incident upon the substrate; and retrieving
information from the data storage layer. A variety of energy fields could
be employed, e.g., magneto-optic storage wherein a magnetic field and/or
optical laser are used to write but an optical beam utilizing reflecting
optics is used to read. 20 Description of the Drawings Figure 1 is a
cross-sectional illustration of a prior art low areal density system
employing an optically clear substrate. Figure 2 is a cross-sectional
illustration of a read/write system using one possible embodiment of a
storage media of the present invention with a light incident 25 on the data
storage layer without passing through the substrate. 4   31 July 2003 WO
00/48172 PCT/US00/03644 



Figure 3 is a cross-sectional illustration of one embodiment of a magnetic
data storage substrate of the present invention. Figure 4 is a graph of
flexural modulus versus specific gravity for various fundamental axial
modal frequencies of a monolithic disk having a 95 mm outer diameter by 0.8
mm thickness. Figure 5 is a graph of specific stiffness (flexural modulus
divided by specific gravity) versus damping coefficient for various peak to
peak axial displacements when excited by a 1 G sinusoidal load. Figure 6 is
a graph representing the fundamental axial modal frequency for a 10 mufti
layered composite 130 mm outer diameter by 1.2 mm thickness disk with
homogeneous layers of neat and reinforced polymer. Figure 7 is graph
representing axial displacement peak to peak from vibration at the first
fundamental frequency for a mufti-layered composite (ABA co-injected disk)
130 mm outer diameter by 1.2 mm thickness disk having homogeneous layers 15
of neat and reinforced polymer. Figures 8 to 21 illustrate various
cross-sectional and top views of embodiments of the present invention
having a core/insert of material, or hollow or filled cavities, with the
core/insert disposed at various locations) with various geometries. 20
Figure 22 is an embodiment similar to Figure 19 illustrating a non
homogenous (ABA) substrate with pits or grooves. Figures 23 and 24 are
cross-sectional views of additional embodiments of the present invention
illustrating a substrate having thin plastic film. Figure 25 is a
cross-sectional view of one embodiment of a tri-component disk 25 of the
present invention.   31 July 2003 Figure 26 is a cross-sectional view of
another embodiment f a disk of the present invention secured with a clamp. 



Figure 27 is a cross-sectional view of yet another embodim nt of the
present invention having a thin plastic film disposed on a portion of a
core. f 5 Figures 28 to 32 illustrate various embodiment` of possible
substrate geometries for the substrate of the present invention. Figures 33
to 35 illustrate various embodiments of possible ore geometries for the
storage media of the present invention. Figure 36 illustrates modal shapes
obtained from with a 130~mm disk via 10 chirp excitation. The above
described Figures are meant to be exemplary, not limiting, merely
illustrating some of the potential embodiments of the present invent n. r
Detailed Description of the Invention 15 20 25 The data storage media is
partially or wholly comprised of a plastic material. This storage media is
useful in high areal density applications) first surface and similar
applications, wherein an energy field incident on the data storage layers)
contacts the data storage layers) without or at least prior to contacting
the substrate. In other words, in contrast to conventional compact disks
(CDs) and Similar applications) the energy field does not pass through the
substrate to contact the data storage layer or reflect back through the
substrate to the reading device. In order to function in such high areal
density applications the storage media quality must exceed that of
conventional CDs and related media. The storage media, compared to
conventional CDs and similar media, should have a reduced axial dislacement
when excited by environmental and/or rotational vibrations, greater   31
July 2003 surface quality denoted by fewer irregularities or imperfections,
a~ moment of inertia (preferably about 5.5x10'3 slug-in2 or less, with
slug-in2 or less more preferred) and about 4.0 slug-in2 or less espe~ among
other qualities. Furthermore, the storage media preferably 5 densities
exceeding about 5 Gbits/linz, with greater than about 6 G greater than
about 10 Gbits/in2 more preferred, greater than about more preferred,
greater than about 25 Gbits/inz even more preferrf about 50 Gbits/in2
especially preferred, and up to or exceeding ab~ anticipated. 10 Generally)
in high areal density applications i.e. about 5 C the read/write device is
located relatively close to the surface of rr (stand-off distance). In
general, the higher the density sought, the read/write device should be to
the surface of the storage media. T instances, the stand-off distance is
generally less than about 0.3 m 15 often less than about 760 nanometers
(nm). For extremely high den read/write device is preferably extremely
close, e.g.) less than abou (u), often less than about 0.013 w from the
surface. Consequently, displacement of the substrate should be sufficiently
less than a tole~ deflection distance in order to prevent damage to the
read/write den 20 media surface during vibration and/or shock conditions.
For examl mm in outer diameter, 40 mm in inner diameter, and 1.2 mm in this
experiencing a sinusoidal gravitational loading of about 1 G, a reso about
170 Hz, and a stand-off distance, of about 0.051 p, an axial di: to peak
measurement of less than about 250p is preferred, with less 25 more
preferred, and less than about 125p especially preferred for it damage to
the substrate and/or the read/write device is a primary cc an axial
displacement in peak to peak measurement of about 500p c 250p or less
preferred, is maintained to a shock maximum of about about 2 to about 10
milliseconds (msec) application time and maint 30 displacement to about 35
G's preferred. However, in other instance lower rotating out 4.5x 10'3 11y
preferred), mprises areal ~lin2 preferred, Gbits/in2 even greater than 100
Gbits/in2 its/in` or greater, storage media loser the ~ically in these
imeters (mm)) and pity, the 0.064 microns ae axial ible system ce and/or
storage 'e, for a disk (130 ;ness) ant frequency of placement in peak :han
about 150p tances when ~cern. Preferably, v less) with about 'S G's, with
an fining such a 



~, e.g., those with 7   31 July 2003 a larger standoff distance (e.g., the
about 0.30. or more stand-off) is not a dominating issue to the head 7A
31 July 2003 but rather, a very low axial displacement and/or disk tilt is
prei optics to remain in focus since they may be incapable of respo~ in
focal length. The maximum radial tilt and tangential tilt are or less"
preferably, no more than about 1 each, and more pref 5 0.3 each, measured
in a resting state (i.e., not spinning). 10 15 20 The substrate axial
displacement is a function of several char including, but not limited to,
the disk size requirements (inner and other thickness), its stiffness
(flexural modulus) and density, Poisson's rati and storage modulus, and
combinations thereof and others. As the d increases, the axial displacement
of the disk under shock and vibration also increases, and as the disk
thickness decreases) its sectional stiffr while its axial displacement
increases. Currently, the dimensions of media are specified by the industry
to enable their use in presently av media reading/writing devices.
Consequently, the storage media typ inner diameter of up to about 40
millimeters (mm) and an outer diam about 130 mm or greater, with an inner
diameter of about 15 mm to an outer diameter of about 65 mm to about 130 mm
generally emplo; thickness typically employed is about 0.8 mm to about 2.5
mm, with about 1.2 mm typically preferred. Other diameters and thicknesses
c employed to obtain the desired architecture. In addition to axial
displacement, stiffness affects the for vibration of the substrate. It has
been determined that the 25 fundamental modal frequency can be adjusted
based upon several f. material properties, e.g., the flexural modulus,
thickness, and/or the (S.G.)ldensity of the substrate or design
architecture) e.g. internalle; (See Figure 4) Since the modal frequencies
define the frequency at substrate naturally resonates, displacing the disk
out of plane, it is p to allow for the to rapid changes ~endently about 1
less than about .r radii, and loss modulus ;'s outer radius conditions s
decreases storage able storage Lv has an of up to t 40 mm and The overall
thickness up to old be the substrate's first modal frequency outside of the
storage media's no frequency. Normal operating frequencies are typically
about 20 Hz to 1 frequencies of the 



including fic gravity 1 stiffeners. the ed to have , operating t 500 Hz, 8
31 July 2003 with greater than 500 Hz anticipated for future applications.
substrate preferably possesses a flexural modulus/density which p frequency
outside of the storage media's operating frequency. As Figure 4 (whose
properties are set forth in the Table below) the ini uently, the es the
first modal evident from relationship of 5 flexural modulus and specific
gravity/density greatly effects the de ed substrate flexural modulus and
density. Preferably, the stiffness should be hi h and the density should be
low. Typically, the flexural modulus should be about 25 thousand pounds per
square inch (kpsi) or greater, with a flexural modulus of about 3~0 kpsi or
greater preferred, about 500 kpsi or greater more preferred, and a flexural
~ 10 1000 kpsi or greater especially preferred, while the specific gravity
about 1.5 or less, with a specific gravity of about 1.3 or less more p
specific gravity of about 1.0 or less especially preferred. As with the
axial displacement, due to the small stand-off and the deleterious effect
of surface roughness on carrier-to-noise 15 should have a high surface
quality, particularly in the area of the stc the data is stored, and should
be substantially flat to inhibit damage device or surface of the storage
media, and to enable accurate data retrieval. Preferably, the substrate has
at least a portion of its surface surface roughness ((RB) as measured by
atomic force microscopy) of 20 100 Angstroms (~), preferably with a
roughness of less than about 1 preferably with a roughness of less than
about 5~. (Roughness is ty~ average of a l Op, by 10u area of the
substrate.) The microwaviness c which is typically an average of a 1 mm by
1 mm area, can be up to with up to about 10 ~ preferred, and up to about 5
~ especially pref 25 respect to the flatness (also known as "run-out"), a
substantially flat essentially free of ridges or valleys, is especially
preferred. A run-ou 100 can be employed, with a run-out of up to about 10~
preferred, to about 5~ especially preferred. (Flatness is typically an
average of entire disk.) of about preferably erred, and a employed o) the
substrate age media where  the read/write posit and with an average ess
than about ~, and more 



sally an the surface, out 100 t~, With ibstrate of up to about ~d a run-out
up to area of the 9   f 1 31 July 2003 WO 00I48172 ~ PCT/US00/03644 At such
small stand-off distances, a ridge at or near the ed y a of the substrate,
commonly known as edge-lift or ski jump, can cause damage to t a read/write
device. The substrate should have a edge-lift height of less than about 8~,
with less than about Su preferred, and less than about 3~ especially
preferred, w h a edge-lift length 5 of less than about 800 preferred, and
less than about SOO~e especi 11y preferred. The storage media can be used
in a variety of systems, so aof which willemploy a restraining device
necessitating consideration of stiffnesdecay of thesubstrate. For a
read/write system which employs a clamp, hub, oother restrainingdevice to
secure the storage media, the substrate should have a suf icient yield
stress10 (at least in the contact area of the restraining device) to avoid
mecapical decay (bothbased upon time and/or temperature). For a storage
media having ~n outer diameterof about 65 mm to about 130 mm, that will be
secured within a resaining device of aread/write system, the plastic resins
to be used have a preferred yied stress of about7,000 psi or greater, with
a yield stress exceeding about 9,000 psipecially15 preferred. In the case
of filled engineering plastic resins, higher yi ~ld stresses areobtainable,
and yield stress exceeding about 10,000 pounds per sqre inch (psi)
arepreferred, with greater than about 1 S,000 psi especially preferred.
Some such disks are illustrated in Figures 25 to 27. Figure 5 illustrates a
disk 200 having a polymer surface 202, a filled or hollow core 204g with a
central 20 portion 206 of a material comprising a higher yield stress than
the lastic 202, such as a metal (e.g.) aluminum), glass, ceramic,
metal-matrix composite, a d alloys and combinations comprising at least one
of the foregoing, and the like: Figure 26 illustrates a disk having a high
yield stress central portion 206 attar ed to a clamp 208. Meanwhile, Figure
27 illustrates yet another embodiment wh ein the polymer 25 is a thin film
over a core 204' composed of the same material as the entral portion 206.
For example, the core can be metal with a plastic film 202 portion or a11
of the core. over a 10   31 July 2003 Conventional substrates, e.g.,
aluminum and ceramic substr tes without a plastic overlay, have a very high
stiffness (e.g., aluminum with a Y ~ung's modulus of about 70 gigapascals
(GPa), and ceramic with a Young's modulus o about 200 GPa), a level above
that which has been achieved with plastic substrates. ~t was 5 unexpectedly
found that the damping coefficient of a material is im ortant to offset the
decreased stiffness of plastic substrates as compared to aluminu ~ .
Consequently) in order to minimize effects of vibration of the disk, the
visco-elasti material properties of the substrate can be adjusted to enable
damping capabi ities. Vibration damping is achieved in a general sense, for
example, by inserting an ppropriate 10 spring/dashpot assembly between a
vibration source and an object to be vibrated. For effective damping, the
material should absorb and/or dissipate the a rgy of vibration transmitted
through the material as energy (e.g., heat energy) conver ' d as a result
of planar shearing or bulk compression and expansion of the material. For
visco-elastic materials, such as plastic resins, there existsoth a
storage15 modulus and a loss modulus. Storage modulus represents elastic
stifess and lossmodulus represents viscous stiffness. For a storage media
having a sffness less thanaluminum, it is preferred that the substrate have
a mechanical dampicoefficient(defined as the ratio of the loss modulus over
the storage modulus) of;greater thanabout 0.04 at a temperature of 75F
(about 24C), with greater than aout 0.0520 preferred) and greater than
about~0.06 more preferred. A mechanicalampingcoefficient of greater than
about 0.10 at a temperature of 75F is evenore preferred,and a mechanical
damping coefficient of greater than about 0.15 at a tmperature of75F is
especially preferred. In addition, the damping properties of the material
may be opti ized such 25 that, for a frequency and temperature range of
interest, the damping c fficient value does not drop below the desired
value. In some embodiments) the to erature range of interest and frequency
range for applicability of the dampening is a out 75F (24C) and about 2 Hz
to about l50F (65.5C) and about 400 Hz pre rred, with 11 



V10 00/48172 about 32F (0C) and about 2 Hz to about 200F (93.3C) and
preferred. Figures 5 and 7 represent the relationship between axial G
sinusoidal vibration load for various material properties and S Figure 6
shows that the damping coefficient does not effect the fir: while Figure 7
shows the effects of axial displacement on the first 31 July 2003
PCT/US00/03644 t 500 Hz more lacement for a 1 geometries. modal frequency
nodal frequency. Mechanical Input Properties for 130 mm ABA Co-Injted
DiskStructu reMaterialStorage Modulus (psi)Damping CoefficientPoisso
Rati'sS.G.SkinNeat Resin3.15E+050.0330.38I
.2001.25E+060.0400.371.3151.25E+C60.0600.371.320CoreFilled
System1.25E+060.0800.37I.3251.25E+060.1000.371.330 Damping, also referred
to as dampening, can be achieved thugh a variety ofapproaches such as by
addition of an energy absorbing componentr through slip10 mechanisms
involving various fillers and reinforcing agents. Usefumaterials thatmay
improve the damping characteristics include elastic materialsith high
dampingcapabilities (e.g., a damping coefficient of greater than about
0.05),uch asvulcanized rubbers, acrylic rubbers, silicone rubbers)
butadiene rubrs, isobutylenerubbers, polyether rubbers,
isobutylene-isoprene copolymers and isyanate rubber,15 nitrile rubbers,
chloroprene rubbers, chlorosulfonated polyethylene,olysulfiderubbers and
fluorine rubber, block_copolymers including
polystyren-polyisoprenecopolymers such as described in U.S. Patent No.
4,987) 194 (whichi incorporatedherein by reference), thermoplastic
elastomeric materials, includingolyurethanes, 12   WO 00l48172 and
combinations comprising at least one of the foregoing, among damping
materials also include resins in which large amounts of p ferrites, metals,
ceramics and the like), flakes (such as of talc, mic various fibers (such
as zinc oxide, wollastonite, carbon fibers, gla: 5 like), and mixtures
comprising at least one of the foregoing, can b Microfabers, fibrils,
nanotubes, and whiskers, foamed and may also be useful as are various
combinations of the foregoing. In addition to, or in place of, reducing
axial displacement tl damping materials in the substrate, axial
displacement can be redm 10 vibration damping material in the restraining
device, or clamping s the substrate. The addition of visco-elastic
materiais to the clamp clamp and substrate effectively reduces axial
displacement of the d the same structure without the additive. In one
embodiment, the vi material should preferably have a damping coefficient
higher than 15 coefficient of the disk substrate, and a modulus of
elasticity high e~ creep properties, e.g., a modulus of elasticity greater
than about 20 materials that may improve the damping characteristics of the
clan materials with high damping capabilities, such as vulcanized rubbe
silicone rubbers, butadiene rubbers, isobutylene rubbers, polyether 



20 isobutylene-isoprene copolymers and isocyanate rubber, nitrite rub
rubbers, chlorosulfonated polyethylene, polysulfide rubbers and fl~ block
copolymers including polystyrene-polyisoprene copolymers in U.S. Patent No.
4,987,194, thermoplastic elastomeric materials, polyurethanes, and
combinations thereof, among others. Foamed c 25 structures can also be
useful. Other factors which effect the stability and life of the _-
dimensional stabilities and hygrothermal properties. A substrate ~ moisture
dimensional stabilities at temperatures within the storage temperature
range of the storage media should be employed with t. 31 July 2003
PCT/US00/03644 Vibration rticles (such as and the like), and fibers, and
the employed. nbed structures the use of by utilizing a ;ture, that holds
between the K compared to ~ation-damping damping ugh to reduce osi. Useful
include elastic acrylic rubbers, fibbers, ;rs, chloroprene nine rubber, ~ch
as described eluding honeycomb media relate to h thermal and - -~d
operating rmai and 13   WO 00/48172 31 July 2003 YCT/US00/03644 moisture
stabilities at temperatures of about -6C (21 F) to about 0C ( 104F)
typically acceptable, stabilities within temperatures of about -12 ( 10F)
to about 80C (17SF) preferred, and stabilities within temperatures of abo t
-16C (3F) to about l00C (212F) especially preferred. Due to the varied envi
nments in which S the storage media may be employed or stored, the storage
media eferably has: ( 1 ) a heat distortion temperature greater than about
60C (140F), with reater than about 80C preferred; (2) creep characteristics
preferably equal to or bet er than that of bisphenol-A based polycarbonate
resin; and (3} good hygrotherm properties such that the substrate does not
significantly change shape, such as bo or warp. 10 Preferably, the
substrate's moisture content varies less than about .0% at equilibrium,
with less than about O.S% at equilibrium more prefe d, and less than about
0.3% at equilibrium especially preferred, under test conditio s of 80C at
8S% relative humidity after 4 weeks. In order to address the above design
issues, this substrate c n be homogenous 1 S or non-homogenous, and _can
have numerous geometries. The ho ogenous substrate can be a plastic which
is substantially solid or may contain a varyi g degree of porosity or one
or more cavities (see Figures 1 S, 16 17, and 33 to ). As is illustrated in
these Figures) the density of the substrate can be redu ed by employing one
or more hollow cavities (holes, bubbles, ribs, passageways, w s, etc.)
within the 20 substrate while maintaining a sufficiently smooth surface
either by ontaining the cavities within the substrate or by utilizing a
coating over the subs ate in the area of the storage media where the data
will be stored. The size, shape, and location of the cavities is based upon
ta abovementioned design criteria. For example, referring to Figure 17,
thecavities may be2S located near the outer diameter of the substrate such
that the centraarea of thesubstrate, which may be secured to the hub of the
media read/writeystem, has themaximum yield strength while the outer
periphery of the substrateas reduceddensity and inertial issues. As can be
seen in Figures 8 to 14, and3 to 3 S, the cavitycan have various geometries
(linear, curved, convex, concave, conxo-concave, 14 



31 July 2003 concavo-concave, convexo-convex, and the like), sizes (width)
and locations throughout the substrate (intermittent, from the it outer
diameter) or any location therebetween), and can be The non-homogenous
substrate can be a plastic with a filler 5 reinforcement or insert, or may
be a composite material, or combs (see Figures 8 to 27). As is shown in the
;~arious drawings and as greater detail) the material geometry, location)
and size of the insertlcorelreinforcement can be adjusted to address the
various d~ as interconnecting or separate, solid or non-solid, plates) web
desi 10 stiffening structures, inner diameter and/or outer diameter
inserts) bottom, or offset designs, finger or directional design,
concentric surface, welded, bonded, or encapsulated; or combinations compri
the foregoing. Referring to Figures 22 to 24, for example, a substrate can
h. 15 reinforcement that comprises substantially all of the volume of the s
the majority of the plastic is merely disposed near the surface of the a
thin film. In this embodiment, the core, which forms the majority can have
a thickness up to about 2.5 mm, with a thickness of about 2.0 mm preferred,
and about 0.8 mm to about 1.2 mm especially pre 20 illustrated, the thin
plastic film can be disposed on one or both sides metal, ceramic, glass, or
the like). Typically a plastic film having a about 50u or less can be
employed, with a thickness of about 20p or Regardless of whether the
substrate is homogenous or non-he contains hollow or filled cavities, or
reinforcement) its geometry as r 25 geometry of the
core/insert/reinforcement, can also be adjusted, inter address various of
the design factors. Referring to Figures 8 to 35, v and core/insert
geometries, respectively, include varied thickness ani constant thickness,
tapering on one or both sides, convex or concave sides, or combinations
comprising at least one of the foregoing. h and height)) liameter to the
:sting or separate. core, or other ~tions thereof rated below in ign
criteria; such ~s) hub designs, p, middle, ffeners) partial ng at least one
of ve a bstrate such that ubstrate, e.g.) as ~f the substrate, 75 mm to
about erred. As is >f the core (e.g., sickness of ess preferred. mogenous,
e11 as the ;hangeably, to ~rious substrate substantially bn one or both 15
31 July 2003 Adjusting the geometry of the substrate enables manipula of
inertia of the substrate when rotating, and control of the modal harmonics
thereof. For example, various modal shapes (as shown be obtained and
avoided, based upon sectional variations in densit 5 and/or radial
thickness. As stated above, the preferred design is a first modal resonance
frequency outside of the frequency range for media is designed. of the
moment ?onses, i.e. the Figure 36) can cough planar ~strate having a hich
the storage Another manner of addressing the various design criteria fothe
storage mediais addressing its use, such as its operating rotational speed
which efcts the speed in10 which data can be stored/retrieved.
Conventionally, during use, stoge media hasbeen rotated at a constant
speed. The media is brought to its operatig rotationalspeed prior to any
reading or writing. However, the storage media cbe rotated at avaried speed
where the speed increases during peak use periods whidecreasingduring
normal use periods; or rotational speed can be varied in ordeto maintain15
constant linear velocity.at different areas of the disk (e.g., inner vs.ter
diameter).Such operating criteria will both conserve energy and potentially
rener some designcriteria more important. Such criteria include, e.g.,
moment of inerti, modulus,density) viscoelasticity, thickness, and/or
diameter to name a few. Srage mediadevices that change speeds make many of
these criteria , e.g., momet of inertia and20 density, etc, of increased
importance as compared to constant speedvices. 



In theory, any plastic that exhibits appropriate properties and an be
employed as the substrate, core) and/or coating. However, the plastic
should be capable of withstanding the subsequent processing parameters
(e.g., application f subsequent layers) such as sputtering (i.e.
temperatures up to and exceeding abou 200C 25 (typically up to or exceeding
about 300C) for magnetic media, and t mperatures of about room temperature
(about 25C) up to about 150C for magneto optic media). That is, it is
desirable for the plastic to have sufficient thermal stabilit to prevent
deformation during the deposition steps. For magnetic media, approp 'ate
plastics include thermoplastics with glass transition temperatures of at
least 1 C can be 30 used, with greater than about 150C preferred, 16   WO
00I48172 with greater than about 200C preferred (e.g., polyetherimides,
polysulfones, polyethersulfones, polyetherethersulfones, polypl polyimides,
high heat polycarbonates, etc.); with materials havi temperatures greater
than about 250C more preferred, such as ; 5 which sulfonedianiline or
oxydianiline has been substituted for among others, as well as polyimides,
such as Probimide (or the equivalent, Matrimid 5218, from Ciba Geigy
Chemical); combi least one of the foregoing, and others. Additionally, it
is possible for thermosets to be used in t' 10 provided the thermoset
possess sufficient flow under the stampi permit formation of the desired
surface feaiures. As various apl polymers with different glass transition
temperatures, it may be able to adjust the glass transition temperature of
a plastic (homo or blend) to achieve a film with the desired glass
transition teml 15 polymer blends, such as those described in U.S. Patent
No. 5,53 and Cole, 1996), may be employed in the preparation of the coa
example, polymer blends provide, selectively, variable glass tra of about
190C to about 320C. Some possible examples of plastics include, but are not
20 crystalline and semi-crystalline thermoplastic materials: polyv
poiyolefins (including, but not limited to, linear and cyclic poll
polyethylene, chlorinated polyethylene, polypropylene, and the lil'
(including, but not limited to) polyethylene terephthalate, polybut;
polycyclohexylmethylene terephthalate) and the like), polyamides 25
(including, but not limited to, hydrogenated polysulfones, and the
polyether imides, polyether sulfones, polyphenylene sulfides, poh polyether
ether ketones, ABS resins, polystyrenes (including, but hydrogenated
polystyrenes) syndiotactic and atactic polystyrenes, ethylene,
styrene-co-acrylonitrile, styrene-co-malefic anhydride) a~ 31 July 2003
PCT/US00103644 yetheretherketones, ylene ethers, glass transition
yetherimide in phenylenediamine, powder ions comprising at application
conditions to rations may require vantageous to be lymer, copolymer, furs.
To this end, 02 (to Lupinski solution. In this ion temperatures ited to,
amorphous, chloride, ms and including ), polyesters lens terephthalate,
polysulfones ike), polyimides, ;they ketones, limited to, ! the like), 17
31 July 2003 5 



10 15 20 25 30 polybutadiene, polyacrylates (including, but not limited to)
polymg methyl methacrylate-polyimide copolymers, and the like), polyacr
polyacetals, polycarbonates) polyphenylene ethers (including, but ~ derived
from 2,6-dimethylphenol and copolymers with 2,3,6-Crime like))
ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid ~
ethylene-tetrafluoroethylene copolymer, aromatic polyesters, poly
polyvinylidene fluoride) polyvinylidene chloride, Teflons, as well resins
such as epoxy) phenolic, alkyds, polyester) polyimide) polyure silicone)
bis-maleimides, cyanate esters) vinyl, and benzocyclobutenf to blends,
copolymers, mixtures, reaction products and composites one of the
foregoing. Filler/reinforcement/core materials can be any material plastic
and the ultimate environment in which the storage media wi: which can be
secured within or to the plastic) or which the plastic c. to produce the
desired surface quality in the area of data storage, an the additional
desired mechanical strength to the substrate. Possiblf include: glass (such
as silica, low melt glasses, etc.), foams and oth materials, carbon, metals
(such as aluminum, tin, steel, platinum, tit matrices, others and
combinations and alloys comprising at least on foregoing), organic and
inorganic materials, ceramics (e.g. SiC, Al2 thermoplastics, thermosets,
rubbers, among others and composites, combinations comprising at least one
of these materials, wherein dig can be used in the multiple portions of the
core. These materials ca: particles, bubbles, microspheres or other hollow
fillers) fibers (long, continuous) chopped, etc.), mesh, woven, non-woven,
preforms, ins others and combinations comprising at least one of the
foregoing, of geometries. For example, Figures 33 to 35 show a few of the
possil geometries with the polymeric material comprising a thin (e.g., less
coating or thick (e.g.) greater than about 50 ~) coating over the core
metal, metal matrix composites, and carbon cores are typically prefe ate,
lonitrile, limited to, those lphenol, and the ~stal polymers, yl fluoride,
thermosetting one, mineral filled resins, in addition at least with the be
employed, n be coated over) which provides materials r low density nium)
metal of the 3, etc.) loys and gent materials be in the form of ,hort, rts,
plates, disks, various sizes and core/insert pan about 50 w) ' nsert.
Glass, red for some 18   31 July 2003 applications where elevated
temperatures may be a factor) due to th reduced thermal decay of stiffness
in substrates containing these materials. The amount of filler employed is
dependent upon the desire substrate mechanical properties and the fillers
effects on the substrates' harm nics, surface 



t 5 quality) and inertial factors. The filler (particles, cavity, bubbles,
c ~ e) inserts, etc.) can occupy up to as much as 99.9% or more of the
volume (vol%) ~ the substrate) with about 5 vol% to about 50 vol% occupied
by the filler more co mon, and about 85 vol% to about 99 vol% occupied by
the filler preferred in some ternate embodiments. 10 Numerous methods can
be employed to produce the storageedia includinginjection molding) foaming
processes, sputtering, plasma vapor depsition) vacuumdeposition)
electrodeposition, extrusion coating, spin coating) sprayoating,
meniscuscoating) data stamping, embossing, surface polishing, fixturing,
lam'ating, rotarymolding) two shot molding, co-injection, over-molding of
film, micocellular15 molding, as well as other techniques) and combinations
comprisingleast one of theforegoing. Preferably the technique employed
enables in situ produion of thesubstrate having the desired surface
features) (e.g., servo-patterninguch as pits andgrooves), bit patterning,
edge features, protrusions, asperities (e.g., lser bumps, andthe like), Ra)
etc.). Additionally) the core can be formed in situ withaid substrate. 20
One possible process comprises an injection molding-compr ssion technique
where a mold is filled with a molten plastic. The mold may contain preform)
inserts, fillers, etc. The plastic is cooled and, while still in an at
least artially molten state, compressed to imprint the desired surface
features (e.g., pits, ooves, edge features, smoothness, and the like),
arranged in spiral concentric or o her orientation, 25 onto the desired
portions) of the substrate, i.e. one or both sides in t desired areas. The
substrate is then cooled to room temperature. For optical or magnetic data
storage on a substrate, info stored on the surface of the substrate. This
information may be idn stored is often directly 19   WO 00/48I72 onto the
surface (as in the case of a CD), or stored in a photo definable medium,
which has been deposited onto the surface "~~Vinchester" hard disk drive).
Due to the surface quality req~ systems, disks (metal, ceramic, glass,
etc.) were coated with n 5 for example, and then polished to obtain the
desired surface q~ polishing is an expensive and laborious process.
Additionally, traditionally offer the capability of imprinting features
onto the such features) e.g., pits or grooves, may be desirable for use as
such as a sector map. Typically these geographic locators have 10 30
manometers (nm) or more) with about 20 nm to about 30 nm In one embodiment,
a metal, glass, ceramic, or other sul plastic layer has been applied
exhibits both the desired mechani ability to have surface features
imprinted into the surface. The deposited by a variety of techniques)
including spin coating, val 15 plasma enhanced chemical vapor deposition),
electrodeposition coating, spray coating, extrusion coating, and the like,
and coml at least one of the foregoing. Spin coating comprises preparing a
solution of a plastic p~ monomer or oligomer) or the plastic itself (where
a solvent can b~ 20 of the monomers can act as the solvent). The disk to be
coated is rotatable surface and a portion of plastic solution is dispensed
ne substrate. Alternately, a bead of the plastic solution is deposited
geometry, along the inner boundary of disk where the coating is disk is
then spun at a sufficient rate to, via centrifugal forces, spy 25 solution
across the surface of the disk. Finally, if applicable, the cured. In order
to improve adhesion of the coating to the adhesion promoter, such as an
organosilane or another con 31 July 2003 PCT/US00/03644 tically~te (e.g.,
of such phosphide (NiP), 



ty. However, substrates do not even though iic locators, of up to about y
preferred. to which a properties and the aic layer can be deposition (e.g.
meniscus ions comprising cursor (e.g., employed, or one to a the center of
the a ring like be located. The d the plastic >ating is dried and
optionally, an adhesion 20   CVO 00/48172 promoter, can be used. Possible
organosilanes include VM-6~ 1 ; PCT/USUO 0~6 4 VM-652 commercially
available from DuPont. If an adhesion promoter is~ employed, it is
typically dissolved in a solvent, such as methanol, water, and co binations
comprising at least one of the foregoing, and is applied to the dis prior
to applying S the plastic bead. Once the adhesion promoter is spin coated
onto he disk, the plastic coating is applied as described above. For
example, a polyetherimide resin) such as Ultem resi grade 1000,
commercially available from GE Plastics, is dissolved in anisole/
ammabutyrolactone solvent system (15% Ultem resin by weight (wt )). A rigid
substrate 10 (metal, polymer, glass, or other), which is optionally
polished, is laced on a rotatable device, commonly referred to as a
spinner, and held in place via mechanical device or a vacuum. An adhesion
promoter, such as 5 ml of 0.05% solut on VM651 (an adhesion promoter
commercially available from DuPont) in wate is applied by dispensing it
onto the spinning or stationary substra 15 then, preferably, spun to
distribute the adhesion promoter, such a 2,000 rpm for about 30 seconds. If
an adhesion promoter is emp can optionally be rinsed, such as with
methanol, to remove exce. and dried (e.g., air dried, vacuum dried, heat
dried) or the like), p application of the plastic solution. 20 Once the
rigid substrate has been prepared, plastic solut: the substrate around the
inner diameter of the area to be coated, masking areas that are not to be
coated. The substrate is spun to uniformly spread the plastic solution
across the substrate, formin thickness of the film is dependent upon
various parameters, e.g., 



25 plastic solution, the desired thickness, the viscosity of the plastic
methanol solution, .. The substrate is at a rate of about yed, the
substrate adhesion promoter, or to the can be applied to optionally film.
The quantity of ation, the spin rate, the spin duration, plastic solution
solids content) and environ ental conditions (including temperature,
humidity, atmosphere type (e.g. inert gas) and atmospheric pressure). among
others. Although a thickness below about 0.1 m crops (~.) can be attained,
the film is preferably sufficiently thick to afford a planar urface over 21
Wp 00/48172 undesirable surface imperfections in the substrate and to allow
31 July 2003 PCT/US00/03644 surface features (e.g., pits, grooves, etc.) to
be placed onto the film. Typ lcally, a thickness of about 0.5 p or greater
is generally preferred, with a thickness of ~ to about 50 a possible, up to
about 20 ~t preferred, and about 0.5 p to about 10 ~ especially 5 preferred
for storage media type applications. Determination of ~~ final thickness
range will vary, in part, by the desired depth of any features to be
`placed onto the film as well as the surface imperfections on the rigid
substrate that ne to be masked by the film. With respect to spin duration
and rate, which must be suff 10 plastic solution across the substrate in
the desired area, these para based on factors including, e.g., the plastic
solution viscosity and the desired coating thickness; a11 interdependent
parameters. Tyf spin rate is greater than about l,000 revolutions per
minute (rpm) minutes or more, with greater than about 1,500 rpm for less
than 15 preferred, and greater than about 1,800 rpm for less than about 1.
preferred. For example) a 3 p thick coating can be applied using containing
15 wt% Ultem resin grade 1000 in anisole/gamma-b and a spin rate of 2,000
rpm for a duration of 25 seconds. Once the coating as been dispersed across
the substrate, it 20 preferably in an inert atmosphere) such as nitrogen,
for a sufficien remove the solvent and polymerize the polymer precursor (if
nece effective to obtain the desired surface quality. The coated substra
the desired temperature at a rate such that the solvent removal doe
deleterious effects on the surface features. For example, the coate 25
heatcd to greater than about 200C, with about 300C or greater t) a rate of
up to about 10 degrees per minute (deg/min), with a rate ~ deg/min
preferred, and a rate of less than about 3 deg/min especia the substrate
has attained the desired temperature, it is maintained for a sufficient
period of time to remove the solvent and, if necess tt to disperse the ors
are chosen ds content, and ly, however, the up to about 5 ~t 2.5 minutes
minutes especially lastic solution lactone solvent, an be cured, period of
time to nary) and at a rate can be raised to n't have 



substrate can be preferred) at up to about 5 preferred. Once that
temperature ~, to polymerize 22   WO 00l48172 the polymer precursor, and is
then cooled. Typically a period of a employed, with less than 2 hours
preferred, and a rate of minutes c 31 July 2003 PCT/US00103644 > to several
hours is portions thereof especially preferred. A substrate prepared in
this manner, optional y with subsequent processing, can be used for data
storage applications, such as mag ' tic hard drives. 5 Alternatively, the
substrate (entire substrate or coating on t ~ a core) can be cured using
microwave technology, Preferably, a variable curing system is employed. The
substrate enters the microwave a rate, power, bandwidth, and central
frequency are adjusted for the such that the microwave selectively heats
the polymer without sul 10 the core, if desired. Other possible curing
techniques include using ultraviolet l; crosslinking reaction, radiative
heating (placing the sample in closE surface), contact heating (sample is
in physical and therefore therm hot fixture), rapid thermal annealing
(employing a heat source such 15 like, or a lamp such as quartz or the
like, which is heated at a very ~ greater than 10 degrees per second),
inductive heating (e.g., with ra and the like, as well as combinations
comprising at least one of the In conjunction with the above curing
techniques, other may be employed to facilitate the curing process, to
remove solver 20 improve the quality of the product. Possible additional
processing employing a vacuum, using stripping agents (e.g., inert gasses,
azeotropes) and the like), drying agents, and other conventional
combinations comprising at least one of the foregoing. Alternatively, the
curing time can be based upon economies 25 surface features (pits, grooves,
asperities (e.g. laser bumps), edge fe smoothness) can be disposed on the
surface subsequent to curing. 1 application, if applicable, the plastic
film is cured (thermal, ultravie optionally, the desired surface features
are formed by photolithogra 23 microwave where the sweep substrate
effecting 



;ht to initiate a proximity to a hot ~l contact with a as a coil or the
ipid rate, such as lio frequency), using methods and/or to Methods include:
volatile solvents, gods, as well as end the desired ~tures, and/or ollowing
et, etc.)) and, shy (including,   31 July 2003 WO 00/48172 ~ PCT/US00/03644
but not limited to dry etch)) laser ablation through direct write or ide
exposure with the use of photomasks, hot or cold stamping, embossing, or
other techniques. Putting the surface features on the substrate by
employinphotolithographycan be accomplished with any conventional
photolithography tecnique, such as those5 which employ reactive ion
etching, plasma, sputtering) and/or Iiqid chemicals orchemical vapors to
etch the polymer coating. Conventional photlithographictechniques, e.g.,
nanoimprint lithography, used to prepare contacprobe data storagedevices
are useful; however, care must be taken to retain sufficiet plastic film
depthwithin the surface feature to provide the desired planarity of the
srface of the rigid10 substrate. Generally, embossing is preferred since
the substrate is ei~her plastic or at least comprises a thin plastic film
on the embossing surface. Not o be limited by theory, due to the rheology
of the plastic material) not only can pi s, grooves, and edge features be
embossed into the substrate, but the desired surf ce quality can also 15 be
embossed (e.g., desired smoothness, roughness, microwavines , and
flatness). In a preferred embodiment, embossed bit-patterns and/or
servo-patte s have a depth of about 10 nm to about 150 nm, preferably about
20 nm to about 5 nm. Depths shallower than about 10 nm can result in
features that are not by the head device. Conversely, deeper features or
features that 20 ranges can result in undesirable head-disk interactions.
Embossing, can be accomplished using conventional tecl Alternatively, a
unique embossing technique can be employed w as a disk having a plastic
surface, is embossed by preheating a m should be heated to a temperature
that, in conjunction with the to 25 substrate, is capable of embossing the
desired surface features of of the substrate. The mold temperature can be
at, above, or belo (Tg) temperature of the material to be embossed. If the
tempera' glass transition temperature, it is preferred the mold temperature
ately recognized ry outside the ques. .re a substrate, such d. The mold
perature of the the plastic surface the glass transition 'e is above such
within about 3'0C 24   i 31 July 2003 WO 00I48172 I PCT/US00/03644 of the
glass transition temperature of the material, with a tempera re within
about 15C preferred, and a temperature within about 10C especially eferred;
with the mold being preheated to a temperature below the glass transition
emperature of the material to be embossed even more preferred. In an
especially pr ferred embodiment, 5 the mold is preferably heated to within
a few degrees below the g ass transition temperature for crystalline
materials, and at a temperature within t least about 5C, preferably within
at least about 10C or greater for amorphous materials. In addition to
heating the mold, the substrate is heated to temperature greater than the
glass transition temperature of the material to be emboss d. The substrate
is 10 heated to the material temperature required to facilitate replicatio
of the geographic locators and/or other surface features on the substrate.
Typically, he substrate is heated to about 5C above the glass transition
temperature or less for crystalline material, with greater than about 5C
common for amorphous 



Once the substrate has attained the desired temperature, it ~s placed in
the 15 mold and pressure is applied. After placing the substrate in the rr
thereof can be maintained, increased or decreased as necessary in
replication and enable substrate release from the mold while of the surface
features. Typically in order to maintain the in features, the molded
substrate is cooled to below the glass tr 20 to removal from the mold. By
preheating to and maintaining the mold at a temp transition temperature of
the material) the time required for conventional embossing processes is
significantly diminished, processing numerous substrates. For example,
numerous subs 25 temperature above the glass transition temperature of the
material Meanwhile the mold is heated to and maintained at a temperature
transition temperature. A substrate is then placed in the mold and the mold
cools the substrate (due to the temperature differential). ~d the
temperature rder to optimize .fining the integrity of the surface ~
temperature prior below the glass and cool-down of dally in relation to are
heated to a ~ be embossed. glow the glass embossed while 'he substrate can
25   31 July 2003 WO 00I48172 10 15 20 25 PCT/US00/03644 then be removed
from the mold and the next substrate placed in the mold. It is not
necessary to heat the substrate and the mold to above the glass transition
temperature and then to cool the combination to below the glass transition
temperature as is conventional. Conventional embossing techniques typically
take albout 6 to 12 hours to complete, while the above embossing techniques
can be accomplished in minutes. For example, an aluminum disk coated with
polyetherimid~ (Ultem resin f f grade 1010) is fixtured to a spindle and
heated to about 780F (41 ~C) in a furnace oven. An embossing mold having
the desired surface feature negative is heated to about 205C. Once the disk
is at temperature it is loaded into the mold and, while cooling (due to the
temperature of the mold) compressed under a tine-pressure profile to emboss
the surface features into the substrate surface. The embossed substrate is
then removed from the mold. i k ; By maintaining the mold below or slightly
above the glass transition 



temperature and separately heating the substrate to greater than the glass
transition temperature, the embossing cycle time can be reduced by orders
of~cnagnitude. Once the substrate has been coated with polymer, and forln~d
with the appropriate surface features, if desired various layers can then
be a~pIied to the substrate through one or more conventional techniques,
e.g., sputtering, chemical vapor deposition, plasma-enhanced chemical vapor
deposition, reactive sputtering, evaporation, and the like. For example, in
some cases, high area! d~nsity storage media might have pits and grooves on
the polymer substrate that ca~ be solely geographic locators; i.e. they are
not required to store data therein. ~fhe data is stored in data storage
layer(s). Furthermore, the data stored in the data sto age layers) may be
changed (rewritten) by repeating the impinging step at higher de~ sities
than conventional, i.e. "low" density compact disks. k The layers applied
to the substrate may include one or more~data storage layers) (e.g.,
magnetic, magneto-optic, etc.), protective layer(s), dielectric layer(s),,
insulating layer(s), combinations thereof and others. The data storage
layers) may 26   ~O 00/48172 31 July 2003 PCT/US00/03644 comprise any
material capable of storing retrievable data, such a~ an optical layer,
magnetic layer, or more preferably a magneto-optic layer) havin~ a
thickness of up to about 600k with a thickness up to about 300 preferred.
Possii~le data storage layers include, but are not limited to, oxides (such
as silicone oxide), rake earth element  transition metal alloy, nickel,
cobalt, chromium, tantalum, platinum, terbium, gadolinium, iron, boron,
others, and alloys and combinations comprising at least one E of the
foregoing, organic dye (e.g., cyanine or phthalocyanine tyke dyes}, and
inorganic phase change compounds (e,g., TeSeSn or InAgSb), Preferably, the
data layer has a coercivity of at least about 1,500 oersted, with a
coerdivity of about 3,000 10 oersted or greater especially preferred, The
protective layer(s), which protect against dust, oils, a~d other
contaminants, can have a thickness of greater than 100 p to less tan about
101a with f a thickness of about 300 or less preferred in some embodiment.
In another embodiment) a thickness of about l00 ~ or less is especially
pref~rred. The thickness 15 of the protective layers) is usually
determined, at least in part, byi the type of read/write mechanism
employed, e.g., magnetic, optic, or magnetp-optic. Possible protective
layers include anti-corrosive materials' such as nitrides (e.g., silicon
nitrides and aluminum nitrides, among others), carbi es (e.g., silicon
carbide and others), oxides (e.g., silicon dioxide and others), polymeric
materials 20 (e.g., polyacrylates or polycarbonates), carbon film (diamond,
diamond-like carbon, etc.) among others, and combinations comprising at
least one of tl~e foregoing. i The dielectric layers) which are often
employed as heat c ntrollers, can typically have a thickness of up to or
exceeding about 1,OOOt~ an as low as about 200. Possible dielectric layers
include nitrides (e.g., silicon ni ~ de, aluminum 25 nitride, and others);
oxides (e.g., aluminum oxide); carbides (e.g.,~silicon carbide); and
combinations comprising at least one of the foregoing, among other
materials compatible within the environment and preferably, not reactive
w~th the surrounding layers. 27   WO 00I48172 



31 July 2003 PCT/US00/03644 The reflective layers) should have a sufficient
thickness t reflect a sufficient amount of energy to enable data retrieval.
Typically the reflective layers) can have a thickness of up to about 700k
with a thickness of about 300A to bout 600A generally prefen:ed. Possible
reflective layers include any materia capable of 5 reflecting the
particular energy field, including metals (e.g., alumi um, silver, gold,
titanium, and alloys and mixtures comprising at least one of the fo egoing,
and others). In addition to the data storage layer(s), dielectric layer(s),
protective layers} and reflective layer(s)) other layers can be employed
such as lubridation layer and others. Useful lubricants include fluoro
compounds, especially flu~ro oils and 10 greases, and the like. i One
unexpected result of the storage media described rigid substrate, e.g.) an
aluminum substrate, with a plastic resin surface features, was retention of
head slap performance as com storage media. Conventional aluminum media are
typically coa 15 phosphide, to improve the surface hardness for polishing
and to polished surface by contact with the head. Plastic resins are ger
aluminum surface coating and would be expected to limit the head the
storage media; however, storage media described herein cor unexpectedly
exhibited no observed diminished slap resistance. 20 result is believed to
depend somewhat on the thickness of the pl films having higher thickness
are expected to have diminished 1 Thus, in an especially preferred
embodiment, the head slap resis aluminum substrate having a plastic film,
preferably containing substantially equivalent to the head slap resistance
of the coated 25 not containing the plastic film. Similar head slap results
can be rigid substrates such as glass. that contain a with d to
conventional e.g., with nickel ~t damage to the ly softer than the lan
resistance of ring plastic films unexpected film and plastic slap
resistance. a of a coated features, is substrate with other The storage
media described herein can be employed in co magneto-optic, and magnetic
systems, as well as in advanced systE higher quality storage media and/or
areal density. During use, the irional optic, requiring aye media is 28
VSO 00148I72 31 July 2003 PCTJI3S00/03644 



disposed in relation to a read/write device such that energy (magnetic,
light, a combination thereof or another) contacts the data storage layer,
in. the form of an energy field incident on the storage media. The energy
field contacts the layers) disposed on the storage media prior to (if ever)
contacting the substrate. The energy S field causes some physical or
chemical change in the storage media so as to record the incidence of the
energy at that point on the layer. For example, ari incident magnetic field
might change the orientation of magnetic domains within the: layer, or an
incident light beam could cause a phase transformation where the ~ight
heats the material. 10 For example, referring to Figure 2, in a
magneto-optic system 100, data retrieval comprises contacting the data
storage layers) 102 with a polarized light 110 (white light, laser light,
or other) incident on such layer(s). A refldctive layer 106, disposed
between the data storage layer 102 and substrate 108, reflects the light
back through the data storage layer 102, the protective layer 104, and to
the read/write 15 device 112 where the data is retrieved. In another
embodiment, refernng to Figure 3, the read/write device 112 detects the
polarity of magnetic domains in the disk storage layer 1 ~2' (i.e. data is
read). To write data onto the storage media, a magnetic field is im~josed
onto the data storage layer 102' by the readlwrite device 112. The magnetic
fieldipasses from the 20 read/write device 112') through the lubrication
layer 10S, and the pi"otective layer 104 to the magnetic layer 102',
forming magnetic domains aligned in eidher of two directions and thereby
defining digital data bits. The following examples are provided to further
illustrate th~ present invention and are not intended to limit the scope
thereof. 2S EXAMPLES Example 1: 29   31 July 2003 WO 00/48172 '
PCT/US00103644 A substrate with outer diameter of 130 mm and thickness of
1.2 mm was formed out of a polyetherimide resin (Ultem resin grade 1010
dbtained from GE Plastics) using injection molding under standard
conditions known in the art. The surface smoothness of the substrate was
less than 10 ~ Re, and the first modal 5 frequency was about 175 Hz. At
this frequency, the axial displacement was about 0.889 mm. The benefits
compared to the prior art (Comparative Example #1) are clear. Example 2: A
substrate with dimensions of 130 mm diameter and 1.2 ~mm thickness can 



10 be produced by injection molding of polycarbonate filled with 20~ wt%
carbon fiber. The material will exhibit a flexural modulus of 1.6 million
psi, a mechanical damping coefficient of 0.015, and specific gravity of
1.29 glcc. The storage media will demonstrate a maximum axial displacement
of 0.32 mm during vibrational excitation) and a first modal frequency of
302 Hz. 15 Example 3: A substrate With outer diameter of 95 mm and
thickness off' 2 mm was formed with a core of polyphenylene
ether/polystryrene (PPE/PS) containing 20 wt% ceramic microfibers and a
skin of PPE/PS (40/60) by co-injection molding. The microfibers, with
average dimensions on the order of 10-20 p length x 0.3-0.6 ~p. diameter)
were 20 significantly smaller than conventional carbon fibers. The surface
smoothness of the substrate was improved by approximately a factor of 2
compared to the conventional carbon fiber co-injected disk, and the first
modal frequency was about 425 Hz. At this frequency, the axial displacement
was about 0.15 mm. The bene$ts compared to the prior art (Comparative
Examples #1) are clear. 25 Example 4: 30   WO 00/48l72 PCT SO !03 A
substrate with outer diameter of 130 mm and thickness of 1.2 mm was formed
with a core of 20 wt% carbon fiber-filled polycarbonate and a skin of pure
polycarbonate using co-injection molding with a thickness ratio of about 1
unit of core to 1 unit of skin under standard conditions known in the art.
The surface 5 smoothness of the substrate was about 10 A Ra and the first
modal frequency was about 210 Hz. At this frequency, the axial displacement
was about 1.27 mm; however, the displacement and frequency can be changed
with changes in the core to skin ratio. The benefits compared to the prior
art (Comparative Example # 1 ) are clear. 10 Example 5: A substrate with
outer diameter of 120 mm and thickness of 0.9 mm is forn~ed out of
polycarbonate containing 30 wt% carbon fiber, 21 wt%
poly(styrene-isoprene), and 3.5 wt% poly(styrene-malefic anhydride) (all
based upon the total weight of the composition) using injection molding
using standard conditions known in the art. 15 The first modal frequency is
about 292 Hz. At this frequency, the axial displacement is about 0.069 mm.
The benefits compared to the prior art (Comparative Examples #1 and #2) are
clear. Example 6: A substrate with outer diameter of 95 mm and thickness of
2 mm is formed 



20 with a core of polycarbonate containing 30 wt% carbon fiber, 21 wt%
poly(styrene isoprene) vibration dampening filler, and 3.5 wt%
poly(styrene-malefic anhydride) and skin of polycarbonate (all based upon
the total weight of the composition) using co injection molding under
standard conditions known in the art. The core comprises about 50% of the
thickness of the disk. The surface smoothness of'the substrate is 25 about
1.3 nm R, and the first modal frequency is about 450 Hz. At this frequency,
the axial displacement is about 0.033 mm. The benefits compared to the
prior art (Comparative Examples #1 and #2) are clear. 3iu u~ 26a 31   WO
00I48172 Example 7: r 31 July 2003 PCT/US00/03644 A substrate with outer
diameter of 130 mm and thickness of 1.2 mm is formed with a core of
polycarbonate containing 20 w~t% carbon fiber and ~0 wt%
polystyrene-isoprene) (all based upon the total weight of the composition)
and a skin of polycarbonate by injection molding the filled material in a
mold that contains polycarbonate film on one or both sides of the mold. The
surface smoothness of the substrate is about 1 nm Ra and the first modal
frequency is about 250 Hz. At this frequency, the axiai displacement is
about U.20 mm. The benefits (compared to the prior art (Comparative
Examples #1 and #2) are clear. 10 Example 8: A substrate with outer
diameter of 130 mm and thickness df 1.2 mm is formed with a core of
polycarbonate containing 30 wt% carbon fiber in a mold that contains
polycarbonate film on one or both sides of the mold. The surface
slmoothness of the substrate is about 1 nm R, and the first modal frequency
is about 300 Hz. At this 15 frequency, the axial displacement is about 0.40
mm. The benefits compared to the prior art (Comparative Example #1) are
clear. Example 9: A thin layer (5 p) of polyetherimide was
electrochemically deposited onto one or both sides of an aluminum
substrate. Subsequently, geographic: locators (pits) 20 were formed into
the surface of the polyetherimide film using a hot stamping technique. This
substrate was superior to a traditional aluminum s~~ubstrate (Comparative
Example #2) in that it contains the desirable pit stru~ture of geographic
locators and other surface features formed through embossing. __ Example
10: 



25 A thin layer of polyetherimide (Sp) was deposited by spin boating a
polymer containing solution onto one side of an aluminum substrate. This
substrate was ' 32   WO 00/48172 31 July 2003 PCT/US00/03644 superior to a
traditional aluminum substrate (Comparative Example #2) in that the final
surface was smooth enough (less than 10 ~ R, and total surfade flatness
less than 8p) for use in magnetic data storage applications, but the
substrate slid not have to undergo the plating and polishing steps used in
the preparation of cbnventional metal or ceramic substrates. Upon
deposition of a sputtered magnetic dat layer, magnetic coercivity greater
than 2,500 oersted was achieved. Example 11: A thin layer of polyetherimide
(5 p} was deposited by spin c4ating a polymer containing solution onto one
side of a glass substrate. The final sur#'ace had less than 10 10 .~ Ra and
total surface flatness less than 8p. Upon deposition of ~ sputtered
magnetic data layer, magnetic coercivity greater than 3,000 oersted ~~as
achieved. The coated substrate showed no damage after a standard 800 G head
slap test. i Example 12: A thin layer of polyetherimide can be deposited by
spin coat~ng a polymer 15 containing solution onto one or both sides of an
aluminum-boron carbide rigid substrate. This substrate would be superior to
a traditional aluminum substrate (Comparative Example #2) in that the
material would have a significantly higher specific modulus. It would be
superior to aluminum-boron carbide substrates without a coating in that the
coating makes the surface smooth enough for use in magnetic 20 data storage
applications. (Using conventional means, such as polis)tiing, it is
difficult, if not impossible, to achieve adequate surface smoothness.)
Example 13: . i A thin layer of polyetherimide was deposited onto one side
o~' an aluminum substrate by spin coating a polymer-containing solution
onto the sur~ce(s) and 25 curing. .Subsequently, surface features.were
formed into the surface sing an embossing technique, e.g., a hot stamping
This substrate was supe~or to a traditional I'i 33   Vb'O 00/48172 31 July
2003 PCT/US00/03644 aluminum substrate (Comparative Example #2) in that it
contained the desirable pit structure of geographic locators and the
desired surface quality; e;g., less than 10~ Ra. 



Example 14: A substrate with outer diameter of l 30 mm and thickness of 1.2
mm and 5 containing microporosity can be formed out of polycarbonate (Lexan
resin grade OQ1030L obtained from GE Plastics) using the Mucell
microcellular injection molding process. The substrate would show 20% lower
moment of inertia and higher modal frequency compared to Comparative
Example #1. Example 15: 10 A substrate with outer diameter of 130 mm and
thickness of 1.2 mm and containing a microporous and smooth polycarbonate
skin can be formed out of polycarbonate (Lexan resin grade OQ 1030L
obtained from GE Plastics) using the Mucell microcellular injection molding
process in a mold that curtains polycarbonate film on one or both sides of
the mold. The substrate would demonstrate the same 15 benefits of reduced
moment of inertia and higher modal frequency of Example #13 with reduced
surface roughness. Example 16: A substrate with outer diameter of 130 mm
and thickness of 1.2 mm was formed out of polyetherimide (Ultem resin grade
1010 obtained-from GE Plastics) 20 filled with about 60 wt% of a low
melting (less than 400C) glass .-._filier (Corning Cortem) using injection
molding under standard conditions known in the art. The first modal
frequency was about 210 Hz. At this frequency, the axial displacement was
about 0.723 mm. The benefits compared to the prior art (Comparative Example
#1) are clear. 25 Example 17: 34   31 July 2003 ~'O 00l48172 PCT/US00/03644
A substrate with outer diameter of 120 mm and thickness of 1.2 mm was
formed out of styrene-acrylonitrile copolymer (SAN CTS 100 obtained from GE
Plastics) using injection molding under standard conditions known in the
art. The substrate showed reduced moment of inertia, improved flatness, and
higher modal 5 frequency compared to Comparative Example #1. Example 18: A
substrate with outer diameter of 120 mm and thickness of 1.2 mm was formed
out of a 60/40 weight percent blend of poly(phenylene ether) resin and 



polystyrene using injection molding. The substrate showed reduced moment of
10 inertia, improved flatness, and higher modal frequency compared to
Comparative Example 1. Example 19: A substrate with outer diameter of 120
mm and thickness of 1.2 mm can be formed out of a 45/30/25 weight percent
blend of poly(phenylene ether) resin, 15 polystyrene, and
polystyrene-co-(acrylonitrile) using injection molding. The substrate will
show reduced moment of inertia, improved flatness, and higher modal
frequency compared to Comparative Example #1. Example 20: A substrate with
outer diameter of 120 mm and thickness of 1.2 mm out of a 20 60/40 wt%
blend of poly(phenylene ether) resin with polystyrene and containing 20 wt%
of zinc sulfide particulate filler (aIl weights based on the weight of the
entire composition) using injection molding. The substrate showed reduced
moment of inertia, improved flatness, and higher modal frequency compared
to Comparative Example #1. 25 Example 21: 35   CVO 00/48172 31 July 2003
PCT/US00103644 A substrate with outer diameter of 120 mm and thickness ~f
1.2 mm was formed out of a 60/40 weight percent blend of poly(phenylene
ether) resin with polystyrene and containing 20 wt% of clay particulate
filler (all weights based on the weight of the entire composition) using
injection molding. The substrate showed 5 reduced moment of inertia,
improved flatness, and higher modal frequency compared to Comparative
Example #1. Example 22: A substrate with outer diameter of 120 mm and
thickness of 1.2 mm can be formed out of a 60/40 weight percent blend of
poly(phenylene ether) resin with 10 polystyrene and containing 20 wt% of
zinc sulfide particulate filler; (all weights based on the weight of the
entire composition) using injection molding in! a mold containing i a
"managed heat transfer" insulating layer, as described in U.S. Patpnt No.
5,458,818. The substrate would show reduced moment of inertia, improved
flatness, and higher modal frequency compared to Comparative Example # 1
and improved replication of 15 the mold surface compared to Example #20.
Example 23: A substrate can be prepared as in Example # 15. The substrate
was held using a clamping device that contained a viscoelastic washer
(e.g., elastortier) between the mount and the substrate. The structure
showed reduced axial displaicement (0.475 



20 mm vs. 0.723 mm) at the first modal frequency compared to the same
substrate when clamped using a device not containing the elastomeric
washer. Comparative Examples Comparative example 1: A substrate with outer
diameter of 130 mm and thickness ofl .2 mm was 25 formed out of a
poiycarbonate resin (Lexan resin grade OQ 1030L lobtained from GE Plastics)
using injection molding. The surface smoothness of the substrate was 36
wo oo/4sma less than about 10 ~ Ra and the first modal frequency was about
I frequency, the axial displacement was about 1.40 mm. Comparative example
2: 31 July 2003 PCT/US00/03644 Hz. At this A substrate with outer diameter
of 130 mm and thickness of11.2 mm was 5 formed out of aluminum by punching
the disk from an aluminum s eet, plating with nickel-phosphide, and
polishing to achieve the desired surface roug ness (less than l Ot~ Ra).
The first modal frequency was about 500 Hz. At this fre uency, the axial
displacement was about 0.075 mm. It should be clear from the examples and
teachings provided herein that novel 10 and/or enhanced storage media for
data have been invented. In som embodiments, optical, magnetic) and/or
magneto-optical media that are at least in art made from plastic and having
a high storage capability, e.g., areal density great r than about 5
Gbits/in'-, can be designed. In other embodiments, storage media we a
unexpectedly provided having very desirable properties, including at least
one of, .g.) surface 15 roughness of less than about 10 ~ Ra, low
microwaviness, edge-lift 1 ss than about 8 w, mechanical damping
coefficient greater than about 0.04 at a temp nature of 24C, a resonant
frequency of greater than about 250 Hz, an axial displacem nt peak of less
than about 500 p under shock or vibration excitation, a data layer wi h a
coercivity of at least about 1,500 oersted, and a Youngs modulus of at
least about GPa. 20 Some of the storage media described herein contain a
rigid c re with a spin coated, spray coated, electrodeposited, or
combination thereof, plasti film or layer on one or both sides. The plastic
may be a thennoplastic, thermoset, or fixture thereof. In additional
embodiments, the storage media has surface features (e. ., pits, grooves,
edge features, asperities (e.g., laser bumps, and the like), roughness,
icrowaviness, 25 and the like) placed into the plastic (film, layer, core,
substrate) prefe ably using an embossing technique (i.e., the substrate can
be physically patterned). A further advantage of a physically patterned
substrate is the elimination of the need for servo patterning (pits,
grooves, etc.) of the data layer. This can eliminate time 37   31 July 2003
consuming process of servo-patterning the data layer; typically a ;several
hour process. In addition) since the data layer can be wholly or
substantially free of servo s patterning, the area of the data layer
available for data storage is 'increased. 



Unexpected results were also obtained in relation to furth$r processing and
5 mechanical properties. As is discussed above, the plastic withstobd the
deposition of additional layers (e.g.) data layer(s), reflective iayer(s),
protective layer(s)) etc.) using techniques such as sputtering at elevated
temperatures, often at temperatures in excess of the glass transition
temperature of the plastic. Also, the hybrid atorage media containing a
rigid substrate having a plastic film or layer attached thereto retained 10
head slap performance as compared to conventional storage medi . These
illustrative embodiments and results should be apparent to those of
ordinary skill in the art from the description and examples provided
herein. Unlike prior art storage media, this storage media employs a
substrate having at least a portion thereof plastic (e.g.) at least a thin
plastic film) to i attain the desired 15 mechanical properties and surface
features. Due to the use of the Mastic) in situ formation of the substrate
with the desired surface features is possi~le. Furthermore, surface
features, including roughness, etc., can be embossed directly into the
substrate surface, rendering production of this storage media cost
effective. A further i advantage is that the surface features have a
greater than about 90l replication of an I 20 original master. 38   31 July
2003 CLAIMS: 1. A data storage media comprising: a substrate comprising at
least one plastic portion, an edge lift height of less than about 8 Vim, a
surface roughness of less than about 10A, and an axial displacement peak of
less than about 500 ~m under shock or vibration excitation; and at least
one data layer on said substrate; wherein said data layer can be at least
partly read from, written to, or a combination thereof by at least one
energy field; and wherein, when the energy field contacts the data storage
media said energy field is incident upon said data layer before it could be
incident upon said substrate. 2. The data storage media as in Claim 1,
wherein said substrate has an edge-lift height of less than about 5 Vim. 3.
The data storage media as in Claim 2, wherein said substrate has an
edge-lift height of less than about 3 Vim. 4. The data storage media as in
Claim 39, wherein said surface roughness is less 



than about 5 ~r Ra. 5. The data storage media as in Claim 1, wherein said
substrate has a mechanical damping coefficient of greater than about 0.04
at a temperature of 24C. 6. The data storage media as in Claim 5, wherein
said mechanical damping coefficient is greater than about 0.06 at a
temperature of 24C. 7. The data storage media as in Claim 1, wherein said
substrate has a moment of inertia of less than about 5.5 x 10-3 slug-in2
(52 kg-mm2). 8. The data storage media as in Claim 1, wherein said
substrate has a radial tilt and tangential tilt independently of less than
about 1  each. 39   31 July 2003 9. The data storage media as in Claim 1,
wherein the moisture content of said substrate varies less than about 0.5%
at equilibrium under test conditions of 80C at 85% relative humidity after
4 weeks. 10. The data storage media as in Claim 1, wherein said substrate
has a specific gravity of less than about 1. 11. The data storage media as
in Claim 1, wherein said substrate has a resonant frequency of greater than
about 250 Hz. 12. The data storage media as in Claim 1, wherein said
substrate has a first modal frequency greater than an operating frequency.
13. The data storage media as in Claim 1, wherein said substrate has one or
less modal frequencies less than an operating frequency. 14. The data
storage media as in Claim 1, wherein said substrate comprises a core having
a substantially constant thickness. 15. The data storage media as in Claim
1, wherein said substrate comprises a core having a varied thickness. 16.
The data storage media as in Claim 1, wherein said substrate comprises a
core having a cross-sectional geometry selected from the group consisting
of: concave, convex, tapered and combinations comprising at least one of
the foregoing core geometries. 17. The data storage media as in Claim 1,
wherein said substrate Comprises a core having a core outer diameter
substantially equal to a substrate outer diameter. 18. The data storage
media as in Claim 1, wherein said substrate comprises a core having a
geometry selected from the group consisting of: at least ode radial arm, at



least one ring, star-like and combinations comprising at least one of the
foregoing geometries. 40   31 July 2003 19. The data storage media as in
Claim 1, wherein said substrate comprises a core comprising at least one
hollow cavity. 20. The data storage media as in Claim 1, wherein said
substrate comprises a core comprising at least one filled cavity. 21. The
data storage media as in Claim 20, wherein said filled cavity comprises a
material selected from the group consisting of: metals, glass, ceramics,
foams, carbon, thermoplastics, thermosets, rubbers, alloys, composites and
combinations comprising at least one of the foregoing materials. 22. The
data storage media as in Claim 1, wherein said substrate comprises a core
comprising multiple portions. 23. The data storage media as in Claim 22,
wherein said multiple portions comprise different materials. 24. The data
storage media as in Claim 1, wherein said substrate comprises a preformed
core. 25. The data storage media as in Claim 1, wherein said
substrate.comprises a core formed in situ with said substrate. 26. The data
storage media as in Claim 1, wherein said substrate ~s plastic. 27. The
data storage media as in Claim 26, wherein said plastic comprises a resin
selected from the group consisting of polyvinyl chloride, polyo~efins,
polyesters, polyimides, polyamides, polysulfones, polyether imides,
polyether sulfones, polyphenylene sulfides, polyether ketones, polyether
ether ketories, ABS resins, polystyrenes, polybutadiene, polyacrylates,
polyacrylonitril~, polyacetals, polycarbonates, polyphenylene ethers,
ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid crystal
polymers, ethylene-tetrafluoroethylene copolymer, aromatic polyesters,
polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride,
tetrafluoroethylene fluorocarbon polymers and blends, copolymers, mixtures,
reaction products and composites comprising at least one of the foregoing
resins. 41   i 31 July 2003 28. The data storage media as in Claim 1,
wherein said data layer has a coercivity L of greater than about 1500
oersted. t 29. The data storage media as in Claim 28, wherein said
coercivixy is greater than about 3000 oersted. 30. The data storage media
as in Claim 1, wherein said substrate has an areal density of about 10
Gbit/in2. 31. The data storage media as in Claim 26, wherein the substrate
comprises said reinforcement selected from the group consisting of fibers,
~?vhiskers, fibrils, particulate, nanotubes and combinations comprising at
least one of the foregoing 



reinforcements. 32. The data storage media as in Claim 31, wherein said
reinforcement is selected from the group consisting of: metal, mineral,
plastic, ceramic, glass and combinations comprising at least one of the
foregoing reinforcements. 33. The data storage media as in Claim 27,~
wherein the plastic comprises a polyphenylene ether and a polystyrene. 34.
The data storage media of Claim 33, wherein the plastic comprises about 60
wt% polyphenylene ether and about 40 wt% polystyrene based on tile total
weight of the plastic resin portion. 35. The data storage media of Claim 1
further comprising a fiat reflective layer disposed between the substrate
and the data layer. 36. A storage media for data, said media comprising: a
substrate having a surface roughness of less than 10A; a plastic film; and
a magnetic data layer disposed on said plastic film; wherein said magnetic
data layer can be at least partly read from, written to, or a combination
thereof by at least one energy field selected from the group consisting of
electric and magnetic; and i 42 i   31 July 2003 wherein the storage media
field has a tilt of 1  or less, m asured in a resting state, wherein said
tilt is selected from the group consisting ~ of radial tilt and tangential
tilt. 37. The storage media as in Claim 36, wherein said rigid subs~ate has
a Young's modulus of at least about 7 GPa. 38. The storage media as in
Claim 37, wherein said Young's ~odulus is at least about 70 GPa. C, 39. The
storage media as in Claim 38, wherein said Young's ~odulus is at least
about 200 GPa. 40. The storage media as in Claim 36, wherein said rigid s
bstrate is selected from the group consisting of: metal, glass, ceramic and
combina ions comprising at least one of the foregoing. 41. The storage
media as in Claim 36, wherein said plas is film comprises embossed surface
features and wherein said magnetic data layer is disposed over said
embossed surface features. 42. The storage media as in Claim 36, wherein
said plan is film comprises embossed surface features selected from the
group consisting of its, grooves, edge features, asperities, and
combinations comprising at least one of th foregoing. 43. The storage media
as in Claim 36, wherein the substrate aluminum substrate. 44. The storage
media as in Claim 36, wherein the substrate. 



45. The storage media as in Claim 36, wherein head slap storage media is
substantially equivalent to a second media not one plastic film. a coated
comprises a glass aics of the the at least 43   31 July 2003 46. The
storage media as in Claim 36, wherein said storage medi has a magnetic data
layer with a coercivity of at least about 1,500 oersted. 47. The storage
media as in Claim 36, wherein said storage medi has a magnetic data layer
with a coercivity of at least about 3,000 oersted. 48. The storage media as
in Claim 36, comprising at least one s in coated, spray coated, or spin and
spray coated plastic film. 49. The storage media as in Claim 36, wherein
said plastic lm comprises a thermoplastic resin with a glass transition
temperature of at least l50 C. 50. The storage media as in Claim 36,
wherein said plastic film c one thermoplastic resin of the group consisting
of polyetheretherketones, polysulfones, polyethersulfones, polyet
polyphenylene ethers, thermoplastic polyimides, and polycarbonates. 51. The
storage media as in Claim 36, wherein said plastic film one thermoset resin
comprising embossed surface features. 52. The storage media as in Claim 36,
wherein said plastic film one thermoset resin, wherein the at least one
thermoset resin is at le during a process to emboss surface features onto
the at least one 53. The storage media as in Claim 36, wherein said plastic
film one thermoset resin selected from the group consisting of epoxy,
polyester, polyimide, polyurethane, mineral filled silicone, esters, vinyl,
and benzocyclobutene resins. 54. The storage media as in Claim 36, wherein
said storage density greater than about 6 Gbits/in2. 55. The storage media
as in Claim 36 having a thickness of 0.8 56. A storage media for data, said
media comprising: a substrate having a top side and a bottom side; at least
mprises at least mprises at least partially cured set resin. mprises at
least henolic, alkyds, imides, cyanate is has an areal ~ to 1.2 mm. 44  



31 July 2003 at plastic film on each of said top side and said bottom side;
a magnetic data layer disposed on at least one of said side and said bottom
side; and wherein said magnetic data layer can be at least partly read a
combination thereof by at least one energy field. 57. The storage media as
in Claim 36, wherein the displacement peak of less than about 500 prn under
shock ~ film has a surface roughness of less than about 10 ~. 58. The
storage media as in Claim 36, wherein said tilt is less than 59. The
storage media as in Claim 36, wherein said plastic film of up to about 50
~,m. on said top written to, or has an axial and the plastic 0.3. a film
thickness 60. The storage media as in Claim 45, wherein the film thickness
i about 0.5 ~.m to 10 Vim. 61. The storage media as in Claim 40, wherein
said plastic m comprises a thermoplastic resin with a glass transition
temperature of at least 200 C. 62. A storage media for data, said media
comprising: a metal substrate; a plastic film; and a data layer disposed on
said plastic film; wherein said data layer can be at least partly read
combination thereof by at least one energy field; wherein said energy field
comprises at least one of an a magnetic field; and wherein the storage
media has a tilt of about 1  or resting state, wherein said tilt is
selected ftom the group consisting tangential tilt. 63. The storage media
as in Claim 59, wherein said plastic film of up to about 20 microns. 45
written to or a lectric field and 



s, measured in a of radial tilt and a film thickness   31 July 2003 64. A
storage media for data, said media comprising: a rigid substrate having a
surface roughness of less than 10A; a plastic film; and i an optical data
layer disposed on said plastic film; C wherein said data layer can be at
least partly optically read fr~m, written to, or a combination thereof; and
wherein the storage media field has a tilt of 1  or less, mea ed in a
resting state, wherein said tilt is selected from the group consisting o~
radial tilt and a tangential tilt. 65. The storage media as in Claim 64,
wherein said substrate is 66. The storage media as in Claim 36, wherein the
plastic ~lm has a glass transition temperature of greater than about 250C.
E 67. The storage media as in Claim 62, wherein the plastic lm has a glass
transition temperature of greater than about 250C. 68. A method for
retrieving data, comprising: i rotating a storage media having a substrate
comprising at east one plastic resin portion and at least one data layer
disposed on at least on surface of said substrate, wherein said substrate
has a surface roughness of less th about 10 A and an axial displacement
peak of less than about 500 ~ under sh ck or vibration excitation;
directing an energy field at said storage media such that sa' energy field
is incident upon the data layer before it can be incident upon the substr
te; and retrieving information from the data layer via said energy feel .
69. The method for retrieving data as in Claim 68, further least a portion
of said energy field through the data layer, and of said energy field back
through the data layer. g passing at said portion 70. The method for
retrieving data as in Claim 68, wherein rotated at a variable speed.
storage media is 46   31 July 2003 71. The method for retrieving data as in
Claim 68, wherein said ~ data layer has a f coercivity of greater than
about 1500 oersted. 72. The method for retrieving data as in Claim 68,
wherein said ~ substrate has an i areal density greater than about 6
Gbits/in2. 73. The method for retrieving data as in Claim 72, wherein said
substrate has an areal density greater than about 10 Gbits/in2. i i 74: The
method for retrieving data as in Claim 73, wherein said substrate has an
areal density greater than about 25 Gbits/in2. 75. The method for
retrieving data as in Claim 68, said substrate further C comprising surface
features disposed on at least one surface of said substrate between said
substrate and said data layer. 



l 76. The method for retrieving data as in Claim 75, wherein said surface
features i are selected from the group consisting of pits, grooves, edge
features asperities, and a t combination comprising at least one of the
foregoing. I 77. The method for retrieving data as in Claim 75, wherein
said surface features have a replication of greater than about 90%
replication of an original master. C 78. The method for retrieving data as
in Claim 68, wherein said substrate has an edge-lift height of less than
about 8 microns. 4 I 79. The method for retrieving data as in Claim 78,
wherein said substrate has an t edge-lift height of less than about 5
microns. 80. The method for retrieving data as in Claim 79, wherein said
substrate has an edge-lift height of less than about 3 microns. 81. The
method for retrieving data as in Claim 79, wherein sad substrate has a 4 I
mechanical damping coefficient of greater than about 0.04 at a temp ~
rature of 24C.' 47 a   31 July 2003 82. The method for retrieving data as
in Claim 81, wherein skid substrate has a mechanical damping coefficient of
greater than about 0.06 at a temperature of 24C. 83. The method for
retrieving data as in Claim 68, wherein skid substrate has an axial
displacement of less than about l50 ~.m. f 84. The method for retrieving
data as in Claim 83, wherein said substrate has an edge-lift height of less
than about 8 Vim. 85. The method for retrieving data as in Claim 83,
wherein said substrate has a mechanical damping coefficient of greater than
about 0.04 at a temperature of 24C. 86. The method for retrieving data as
in Claim 85, wherein said substrate has a mechanical damping coefficient of
greater than about 0.06 at a temperature of 24C. 87. The method for
retrieving data as in Claim 85, wherein laid substrate has a moment of
inertia of less than about 5.5 x 10-a slug-in2 (52 kg-mm~). r 88. The
method for retrieving data as in Claim 87, wherein paid substrate has a
moment of inertia of no more than about 4.5 x 10'3 slug-in2 (42 kg-mm2).
89. The method for retrieving data as in Claim 88, wherein said substrate
has a moment of inertia of no more than about 4.0 x 10'3 slug-in2 (37
kg~tnm2). 90. The method for retrieving data as in Claim 86, wherein laid
substrate has a surface roughness of less than about 5 A Ra. 91. The method
for retrieving data as in Claim 86, wherein laid substrate has a f
mechanical damping coefficient of greater than about 0.04 at a teerature of
24C. f 92. The method for retrieving data as in Claim 91, wherein laid
substrate has a mechanical damping coefficient of greater than about 0.06
at a temperature of 24C. 93. The method for retrieving data as in Claim 86,
wherein tile moisture conteht of said substrate varies less than about 0.5%
at equilibrium under test conditions of E 80C at 85% relative humidity
after 4 weeks. 



48   31 July 2003 I i 94. The method for retrieving data as in Claim 86,
wherein s~d substrate has a resonant frequency of greater than about 250
Hz. f 95. The method for retrieving data as in Claim 86, wherein said
substrate has a specific gravity of less than about 1.5. E 96. The method
for retrieving data as in Claim 86, wherein said substrate a comprises a
material selected from the group consisting of: an amor~hous, crystalline,
or semi-crystalline material, blends, copolymers, mixtures, reaction
products and composites comprising at least one of the foregoing materials.
97. The method for retrieving data as in Claim 83, wherein sail substrate
has an axial displacement of less than about 125 p,m. 98. The method for
retrieving data as in Claim 96, wherein said substrate further I comprises
metal. 99. The method for retrieving data as in Claim 96, wherein said
substrate comprises a resin selected from the group consisting of:
hydrogenai~ed polystyrene, a poly(cyclohexyl ethylene),
polystyrene-co-acrylonitrile), poly(~tyrene-co-malefic anhydride), blends,
copolymers, mixtures, reaction products ` and composites f comprising at
least one of the foregoing resins. a r 100. The method for retrieving data
as in Claim 86, wherein aid plastic resin portion comprises a resin
selected from the group consisting of p~lyvinyl chloride, polyolefins,
polyesters, polyimide, polyamides, polysulfones, ~olyether imides,
polyether sulfones, polyphenylene sulfides, polyether ketones,polyether
ether t ketones, ABS resins, polystyrenes, polybutadiene, polyacrylates,
polyacrylonitrile, polyacetals, polycarbonates, polyphenylene ethers,
ethyle e-vinyl acetate copolymers, polyvinyl acetate, liquid crystal
polymers, ethylene-t trafluoroethylene copolymer, aromatic polyesters,
polyvinyl fluoride, polyvin~lidene fluoride, polyvinylidene chloride,
tetrafluoroethylene fluorocarbon poly~er, and blend, copolymers, mixtures
and composites comprising at least one of they foregoing resins. 49   31
July 2003 101. The method for retrieving data as in Claim 86, wherein said
comprises metal. further 102. The method for retrieving data as in Claim
10l, wherein s id plastic resin portion is a f lm having a thickness of
less than about SOpm. 103. The method far retrieving data as in Claim 102,
wherein aid thickness is about 20pm or less. 104. The method for retrieving
data as in Claim 86, wherei said substrate comprises reinforcement selected
from the group consisting of: fibers, whiskers, fibrils, nanotubes,
particulate and combinations comprising at 1 ast one of the foregoing
reinforcements. 105. The method for retrieving data as in Claim 104,
wherein said reinforcement is selected from the group consisting of: metal,
plastic, mineral, ce ic, glass, and combinations comprising at least one of
the foregoing reinforcements; 



106. The method for retrieving data as in Claim 86, wherein substantially
constant thickness. 107. The method for retrieving data as in Claim 86,
wherein varied thickness. 108. The method for retrieving data as in Claim
86, wherein cross-sectional geometry selected from the group consisting of:
tapered and combinations comprising at least one of the forego geometries.
109. The method for retrieving data as in Claim 86, wherein core having a
substantially constant thickness. 110. The method for retrieving data as in
Claim 86, wherein core having a varied thickness. substrate has a substrate
has a substrate has a icave, convex, cross-sectional substrate has a L
substrate has ,a 50   31 July 2003 111. The method for retrieving data as
in Claim 86, wherein sa core having a cross-sectional geometry selected
from the groi concave, convex, tapered and combinations comprising at least
one core geometries. l substrate has a > consisting of: of the foregoing
112. The method for retrieving data as in Claim 86, wherein sa d substrate
has a core having a core outer diameter substantially equal to the substrat
outer diameter. l13. The method for retrieving data as in Claim 86, wherein
core having a geometry selected from the group consisting of at at least
one ring, star-like and combinations comprising at least geometries. 114.
The method for retrieving data as in Claim 86, comprises a core having at
least one hollow cavity. 11 S. The method for retrieving data as in Claim
86, comprises a core having at least one filled cavity. 116. The method for
retrieving data as in Claim 86, comprises a core having multiple portions.
117. The method for retrieving data as in Claim 116, portions comprise
different materials. 118. The method for retrieving data as in Claim 86,
comprises a preformed core. 119. The method for retrieving data as in Claim
86, wherein said a core formed in situ with said substrate. 120. The method
for retrieving data as in Claim 86, further insert attached to said
substrate. l substrate has a t one radial arm, of the foregoing said
substrate 



said substrate said substrate said multiple said substrate comprises at
least one 51   31 July 2003 121. The method for retrieving data as in Claim
120, wherein sai insert comprises a plurality of portions attached to said
substrate on a surface of said ubstrate opposite said data layer. 122. The
method for retrieving data as in Claim 120, wherein sai insert comprises a
single member having a substantially uniform thickness, said rose attached
to said substrate on a surface of said substrate opposite said data layer.
123. The method for retrieving data as in Claim 86, wherein sai substrate
has a first modal frequency greater than an operating frequency. 124. The
method for retrieving data as in Claim 86, wherein the s 'bstrate possesses
a flexural modulus and specific gravity that places the first modal equency
outside of an operating frequency range. 125. The method for retrieving
data as in Claim 86, wherein said ubstrate has only one modal frequency
less than an operating frequency. 126. The method for retrieving data as in
Claim 86, wherein the s bstrate possesses a flexural modulus of greater
than about 250 kpsi (1.7 Gpa). 127. A method for retrieving data,
comprising: rotating a storage media having a substrate compr' ing at least
one plastic resin portion and at least one data layer disposed on at least
' ne surface of the substrate, wherein the plastic resin portion comprises
the rea tion product of polyphenylene ether and a polystyrene; directing an
energy field at the storage media such th t the energy field is incident
upon the data layer before it can be incident upon the sub rate; and
retrieving information from the data layer via the ene y field. 128. The
storage media as in Claim 127, wherein said substrate as a moment of
inertia of about 4.0 x 10-3 slug-in2 (37 kg-mm2) or less. 129. The storage
media as m Claim 127, wherein said substr a has a surface roughness of less
than about 10 ~r R$. 52   31 July 2003 I a 130. The storage media as in
Claim 127, wherein said substrate has a mechanical damping coefficient of
greater than about 0.04 at a temperature of 2~4C. 131. A method for
embossing a substrate having a glass transition temperature, f comprising:
heating a first substrate to a temperature above tl~e glass transition 



temperature; preheating and maintaining a mold at a mold temlierature below
the glass transition temperature; introducing the heated substrate to the
preheated mold; compressing the heated substrate in the mold; cooling the
compressed substrate; and removing the cooled substrate from the mold
wherein said substrate has an axial displacement beak of less than about
SOO~.m under shock or vibration excitation. 1 132. A method for embossing
as in Claim 131, wherein said fist substrate has a plastic portion on its
surface, and wherein compressing said heated substrate in said mold
imprints a desired surface feature into the plastic. I 133. A method for
embossing as in Claim 132, wherein said jsurface feature is selected from
the group consisting of pits, grooves, laser bump, microwaviness,
smoothness or roughness. i 134. A method for embossing as in Claim 132,
wherein said plastic is a thermoplastic material. 135. A method for
embossing as in Claim 132, wherein aid plastic is a thermoplastic material
selected from the group consisting of polyvinyl chloride, polyolefins,
polyesters, polyimide, polyamides, polysulfones, ~olyether imides,
polyether sulfones, polyphenylene sulfides, polyether ketonesfi polyether
ether ketones, ABS resins of st eves of butadiene of ac lates,l~ pol acr
lonitrile, ~P Y Yr ~p Y ~p Y i'Y I Y Y polyacetals, polycarbonates,
polyphenylene ethers, ethyle~e-vinyl acetate copolymers, polyvinyl acetate,
liquid crystal polymers, ethylene-t~trafluoroethylene 53   31 July 2003
copolymer, aromatic polyesters, polyvinyl fluoride, polyvinylidene
fluoride, polyvinylidene chloride, and tetrafluoroethylene fluorocarbon
polymers and composites comprising at least one of the foregoing
thermoplastic material. 136. A method for embossing as in Claim 131,
wherein said first substrate has a roughness and said cooled substrate has
a roughness less than sad first substrate roughness. 137. A method for
embossing a substrate having a glass transition temperature, comprising: a.
heating a first substrate to a temperature above~the glass transition
temperature; b. preheating a mold to a mold temperature up to about 30C
above the glass transition temperature; c. introducing the heated substrate
to the preheated mold; d. compressing the substrate in the mold; e. cooling
the substrate; and f. removing the cooled substrate from the mold wherein
the substrate has an axial displacement peak of less than about SOOpm under
shock or vibration excitation. 



138. A method for embossing as in Claim 137, further cornpri~ing cooling
said compressed substrate to below the glass transition temperature. 139. A
method for embossing as in Claim 137, further comprising cooling the mold
to below the glass transition temperature. 140. A method for embossin as in
Claim 137, wherein the mod temperature is g about 20C or less above the
glass transition temperature. 141. A method for embossing as in Claim 140,
wherein the mold temperature is about 5C or less above the glass transition
temperature. 54   31 July 2003 142. A method for embossing as in Claim 137,
further comprising maintaining the mold temperature within 30C of the glass
transition temperature while cooling the substrate. 143. A method for
embossing as in Claim 142, wherein said mold temperature is within about
15C of the glass transition temperature while cooling the substrate. 144. A
method for embossing as in Claim 143, wherein said mold temperature is
within about 10C of the glass transition temperature while cooling the
substrate. 145. A method for embossing as in Claim 137, wherein said first
substrate has a plastic portion on its surface and wherein said heated
substrate in said mold imprints a desired surface feature into said
plastic. 146. A method for embossing as in Clairn 145, wherein said surface
feature is selected from the group consisting of: smoothness or roughness.
pits, grooves, laser bumpsy microwaviness, 147. A method for embossing as
in Claim 137, wherein said first substrate has a roughness and said cooled
substrate has a roughness less than said first substrate roughness. 148. A
storage media for data, comprising: 



a substrate comprising a plastic resin portion, wherein the plastic resin
portion comprises a polyphenylene ether and a polystyrene; a first data
layer on the substrate; and a first protective layer disposed on a side of
the first data layer opposite i the substrate, wherein the first protective
layer comprises polycarbon~te; wherein the first data layer can be at least
partly read ~ from, written to, or a combination thereof by a energy field;
and i wherein, when the energy field contacts the storage media, the energy
field is incident upon the first data layer before it could be incident
upon the substrate. 55 .A..A(.A.A L.AFu_.AaE
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